Objective: The aim of this study was to modify the Alvarado scoring system to increase its sensitivity and specificity in predicting acute appendicitis in elderly patients.
INTRODUCTION
Acute appendicitis is the most common cause of acute abdominal surgery and its lifetime risk is 7%. [1] Appendicitis is a disease of the young age group, which accounts only for 5%-10% of the acute causes of the elderly population. However, the incidence of disease in the elderly is increasing, possibly due to the increase in life expectancy. [2, 3] Perforated appendicitis constitutes approximately 20% of all appendicitis cases and significantly increases the rate of postoperative complications. [4] Diagnosis of elderly patients with acute appendicitis is usually delayed, due to its atypical presentation and delay in admission to the hospital. Delay in diagnosis and treatment in the elderly causes an increase in perforation rates, thus worsening the clinical condition and an increase in morbidity and mortality. [5] It has been reported that the perforation and morbidity rates are 70% and 48%, respectively. [6] Advance age is an independent high risk factor for surgery and anesthesia. [7, 8] For this reason, researchers are trying to develop management strategies tailored to the elderly population. The management strategy of acute appendicitis in the elderly is still uncertain and there are few studies in this regard. Clinically, evaluation of acute appendicitis requires systematic examination of symptoms, signs and diagnostic tests which reduces diagnostic errors.
In 1986, Alfredo Alvarado developed a total 10-point scoring system, also known as the abbreviation of MANTRELS, based on symptoms, findings, and diagnostic tests for the diagnosis of acute appendicitis in patients who present with suspect acute appendicitis. [9] According to this scoring system, it is recommended that the patients who have ≥7 points should undergo surgery and those who have <7 points should be followed up. [9, 10] It has been reported that the use of the current interpretation of the Alvarado score in elderly patients will increase complications, mortality and morbidity in patients with acute appendicitis due to erroneous, and delayed diagnosis. [11] When the probability of appendicitis is within the suspected range, then advanced examinations such as ultrasonography and computed tomography (CT) scan are recommended. [12] In recent studies, the sensitivity and specificity of CT scans for acute apendicitis were found to be 87%-100% and 83%-98%, respectively. [13] By modifying Alvarado scoring system, we aimed to improve its sensitivity and specificity in the prediction of acute appendicitis in elderly patients.
MATERIAL AND METHODS
We performed a retrospective study between January 2015 and December 2017 with 81 patients over 70 years of age who were admitted to our clinic with acute abdominal pain. Forty-eight of 81 patients underwent appendectomy due to acute appendicitis, while the remaining 33 patients were discharged with medical treatment after observation or hospitalization.
The patients were divided into Group 1 that consisted of 38 patients who were discharged with medical treatment and whose pathologic diagnosis was incompatible with acute appendicitis. Group 2 comprised of 43 patients whose definite diagnosis was compatible with appendicitis based on histopathological examination.
Patient's examination findings, laboratory values and CT scan results were evaluated by compiling, and scanning the hospital database and file system. Pathology slides were re-examined. Some patients with acute appendicitis who achieved cure, and followed up with antibiotherapy were not operated and thus excluded from the study. [14] In this study Alvarado scoring system was used as clinical scoring system ( Table 1 ). The patients were divided into subgroups with 1-6 points and 7-10 points based on Alvarado scoring. At CT: Grade 0 indicated normal appendix, and Grade 1 suspect cases of acute appendicitis. These patients had not any remarkable CT findings suggesting inflammation. There was a slight increase in appendiceal diameter or findings of inflammation at its loge. The appendiceal diameter of these patients was normal or the presence of their appendices could not be revealed. Grade 2 indicates typical acute appendicitis; the findings of CT include dilation of appendiceal lumen, edematous thickening of the appendiceal wall, and contamination in lymph nodes in the surrounding fatty tissues and/or fatty tissue.
Grade 3 had CT findings of acute appendicitis associated with irregularity of the appendiceal wall and / or presence of intense nonreactive free fluid around it. When the results of CT were assessed, normal appendixes and suspect cases with acute appendicitis (Grade 0 + Grade 1) were included in Group 1. The cases with CT findings evaluated as acute appendicitis (Grade 2 + Grade 3) were included in Group 2. Sensitivity and specificity of CT and Alvarado scoring were assessed in patients older than 70 years. The ethics committee of our hospital approved the realization of this study.
Statistical analysis
Statistical analyses were performed in the SPSS 20 statistical program. Normally distributed data were analyzed by ttests. Data with non-normal distribution were defined by median and range and analyzed by Mann-Whitney U test. Relationships between the variables in the cross-tables were analyzed, if necessary, using square test or Fisher's test. Normality of data was analyzed using KolmogorovSmirnov test.
RESULTS
Forty-six (56.7%) female and 35 (43.3%) male patients (total n=81) aged 70 years or older presented to our clinic with acute abdominal pain. The mean age of the patients in Group 1 who were not reported as appendicitis based on histopathological evaluation of the appendectomy specimen and discharged with medical treatment without reoperation was 79.16 (±7.13) years, whereas the mean age Five patients in Group 1 were treated with acute appendicitis but their pathologic diagnosis was incompatible with appendicitis. Our negative appendectomy rate was 10.4% According to the Alvarado scoring system, 37 patients received scores ranging from 1 to 6 points, while 44 patients had scores ranging from 7 to 10 points. According to these CT findings, 38 Grade 0-1 and 43 Grade 2-3 patients were included in the study (Table 2 ).
In our study, the specificity, and sensitivity of Alvarado scores in establishing the diagnosis of acute appendicitis were 81%, and 86%, respectively. In our study, the specificity and sensitivity of CT findings in establishing the diagnosis of acute appendicitis were 93% and 92.1%, respectively.
DISCUSSION
It is known that as the elderly population in the society increases, the number of patients who will present with acute abdominal pain will increase. The proportion of elderly patients diagnosed with acute appendicitis is estimated to increase in proportion to the number of patients treated.
In many studies mortality and morbidity rates increased in the elderly population due to delays in diagnosis. [3, 15] Therefore, elderly patients require accurate and prompt diagnosis of acute appendicitis. In many studies, acute appendicitis has been reported to have a higher incidence in women than in men. [16, 17] In our study, female / male ratio was 56.7% / 43.3%. Lucas and colleagues found 83.3% false negatives and 45.5% false positives in scores of ≤5 according to the Alvarado scoring system in the diagnosis of acute appendicitis in patients aged 60-80 years. [18] Some authors have suggested that acute appendicitis should be completely excluded in scores of ≤5 in the Alvarado scoring system. [19] In their interpretation of the general population using the classical Alvarado scoring system, rates of suspect cases with acute appendicitis in patients with scores 1-4, 5-7, and 8-10 points were reported as 30%, 66%, and 93%, respectively. [9] The use of the current interpretation of the Alvarado scores in elderly patients has been reported to increase complications, mortality and morbidity rates in patients with acute appendicitis due to false and delayed diagnosis. [11] In our study, we also modified the Alvarado scoring system in two groups of 1-6 and 7-10 scores to minimize delay in diagnosis, complications, mortality and morbidity rates (Table 3) . In our study, we determined the diagnostic value of the Alvarado scoring system with a higher accuracy, in patients who had a score of 1-6 points, which established diagnosis, and those with a score of 7-10 points that excluded acute appendicitis.
Alvarado score as 81.6% and 86%, respectively. In the diagnosis of acute appendicitis sensitivity of CT has been reported to be 95%-100% for the general population, while in some studies it has been demonstrated as 81.6% for the elderly population. [11, 20, 21] In our study, the specificity, and sensitivity of CT in the diagnosis of acute appendicitis were 93% and 92.1%, respectively.
CONCLUSION
Since Alvarado scoring system has a lower diagnostic accuracy in elderly patients, we think that by modifying the Alvarado scoring system the diagnosis of acute appendicitis in elderly patients who score ≥7 can be made in a timely manner with a higher diagnostic accuracy rate When the Alvarado scoring system is combined with CT in the diagnosis of acute appendicitis, we believe that the diagnostic success will increase and the diagnostic delays will decrease.
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